Abstract. In Zimbabwe, studies were made of the effect of host behaviour on the feeding success of Glossina pallidipes Austen and G. morsitans morsitans Westwood (Diptera: Glossinidae) attracted to cattle of different age and sex. The mean feeding rates for male and female G. pallidipes attracted to oxen were 60% and 58%, respectively, compared to 33% and 53% for male and female G. m. morsitans. The feeding rate of G. pallidipes varied between oxen and was inversely correlated with a host's rate of defensive leg movements, which, in turn, was positively correlated with the density of Stomoxys spp. (Diptera: Muscidae) caught in the vicinity of the host. Tsetse were signi®cantly less successful in feeding from young cattle. For G. pallidipes, the feeding rate on calves (< 6 months) was 11%, whereas for male and female G. m. morsitans the rates were 12% and 20%, respectively. Signi®cantly lower feeding rates were apparent for cattle aged up to 2 years, when the feeding rate for G. pallidipes (31%) was still signi®cantly less than that on mature oxen (68%). Feeding rates for G. pallidipes on adult female cattle were lower than those on oxen (45% vs. 61%). The lower feeding rates in young animals were attributed to higher rates of defensive movements. The results suggest that higher rates of defensive activities by young cattle reduce the risk of them contracting trypanosomiasis.
Introduction
Feeding in tsetse (Diptera: Glossinidae) results from a sequence of responses to host stimuli. First, the long-range location and orientation of some species of tsetse towards a host is in response to host odours (Vale, 1974a; Hargrove et al., 1995) . Closer to the host, orientation responses are modulated by visual and olfactory cues produced by the host (Vale, 1974a; Green, 1986; Torr, 1989; Gibson, 1992) . Finally, the landing, probing and engorging responses are affected by factors such as host colour (Green, 1986) , size (Hargrove, 1980) and host behaviour (Vale, 1977; Torr, 1994; Baylis, 1996) . Thus, the type and quantity of stimuli produced by a host affects the numbers of tsetse attracted to the host's vicinity and the probabilities that these locate, land, probe and feed on a particular host.
Inter-speci®c variation in the physical characteristics, physiology and behaviour of different potential hosts can explain, at least in part, the diet of different species of tsetse. For instance, the attractiveness of a host species to tsetse is related not only to its size (Vale, 1974a) but also to other factors including coat pattern, which may account for the low frequency of feeds from zebra (Gibson, 1992) , and defensive behaviour, which is thought to protect impala from attack (Vale, 1977) . In a similar fashion, behavioural and physiological heterogeneity within a species of host can affect the probability of particular individuals being bitten. Torr (1994) , for example, showed that the success of tsetse feeding on warthog varied according to host age. Similar intraspeci®c variations have been recorded with other species of haematophagous Diptera including: Stomoxys calcitrans L. feeding on cattle (Warnes & Finlayson, 1987) , Tabanidae feeding on horses (Foil et al., 1985) and various mosquito±host associations (Edman & Scott, 1987) . For these examples, intraspeci®c variation in feeding success was related to variability in the level of defensive behaviour exhibited by a host. In nature, this relationship can be particularly complex because the responses elicited by one species of biting¯y may affect the feeding success of a second species (Waage & Davies, 1986) .
The effects of the above factors on the feeding behaviour of haematophagous Diptera can have an important bearing on both the epidemiology and control of vector borne diseases. In the case of tsetse-borne trypanosomiasis, for example, the probability of a host contracting the disease depends on the rate at which it is fed on by trypanosome-infected¯ies (Milligan & Baker, 1988; Rogers, 1988) and consequently this probability is also affected by the impact of host-associated factors on the feeding tsetse¯y. Similarly, some of these factors have implications for the use of insecticide-treated cattle to control trypanosomiasis (Bauer et al., 1995; Baylis & Stevenson, 1998; Hargrove et al., 2000) , as the ef®cacy of an insecticide-treated animal is correlated with the numbers of tsetse that are attracted to and contact it (Baylis et al., 1994; Vale et al., 1999) .
In the present paper, we report the results of ®eld studies showing how interactions between host-associated factors, such as nutrition, age and defensive behaviour affect the success of tsetse feeding on cattle.
Materials and methods
Field studies were carried out between 1995 and 1998 within 3 km of Rekomitjie Research Station in the Zambezi Valley of Zimbabwe where Glossina pallidipes Austen and G. morsitans morsitans Westwood occur. Experiments carried out during the dry season (May±November) were conducted in riverine woodland dominated by Cordyla africana, Lonchocarpus capassa (both Leguminosae) and Kigelia pinnata (Bignoniacaea). In the wet season (December±April), experiments were conducted in deciduous woodland consisting predominantly of Colophospermum mopane Fabaceae.
Cattle
Mashona cattle were used in all studies. At 10-day intervals, the weights of the cattle were measured and blood was collected from an ear vein into a heparinized capillary tube. The packed cell volume (PCV) was measured after spinning the blood sample in a haematocrit centrifuge for 5 min. The buffy coat of this sample and also blood placed directly onto a slide were examined under a microscope for the presence of trypanosomes.
Adult cattle were treated at 3-month intervals with isometamidium (1 mg/kg; Trypamidium q , Rho Ãne Me Ârieux, Lyon, France) to prevent trypanosomiasis. Any animals that developed trypanosomiasis were treated with diminazene aceturate (3.5 mg/kg; Berenil q , Hoechst, Frankfurt, Germany). The weights and PCVs of newly borne calves were also measured at 10-day intervals but they were not treated with trypanocidal drugs until trypanosomes were detected in the blood ®lms. Thereafter they were treated in the same manner as adult cattle.
Unless stated otherwise, the cattle were allowed to graze naturally on the veld for » 8 h/day throughout the year. During the dry season, they were provided with a supplement of 0.5 kg/animal of HyPro-45 q (Agrifoods, Karoi, Zimbabwe) and hay ad libitum. Calves were allowed to wean naturally.
Tsetse behaviour
Studies were made of the feeding responses of tsetse to cattle placed individually at the centre of an incomplete ring (8 m diameter) of six electric nets (Vale, 1974b (Vale, , 1977 . Cattle were placed into a large (2.5 m wide Q 3.5 m long) crush at the centre of the ring to prevent them from touching the nets but otherwise allowing them freedom of movement. The electric nets were mounted on corrugated trays coated with polybutene. Flies that struck the net were killed or stunned and fell onto the tray where they were retained. The numbers of all Diptera were counted. Tsetse were separated according to the side of the net where they were caught and were classi®ed by sex and species and also as fed or unfed according to the presence or absence of fresh blood visible through the abdominal wall. Tabanidae were identi®ed to species and Muscidae were classi®ed as either being Stomoxys spp. or non-biting Muscidae.
Following Vale (1977) ,¯ies caught on the outside or the inside of the ring were presumed to be approaching or leaving the ox, respectively, and feeding ef®ciency was estimated as the number of fed tsetse on the inside of the ring of nets expressed as a percentage of the total catch from the inside of the ring.
In experiments conducted between April 1997 and February 1998, the numbers of tsetse attracted to the cattle were enhanced arti®cially by dispensing a blend of carbon dioxide (120 L/h), acetone (500 mg/h), 1-octen-3-ol (0.5 mg/h), 4-methylphenol (1 mg/h) and 3-n-proylphenol (0.1 mg/h) from a position~2 m downwind of the animal. The odours were dispensed following the methods of Vale & Hall (1985) and Torr et al. (1997) .
Ox behaviour
The defensive behaviour of oxen in the ring of nets was observed directly. To avoid problems associated with the effect of human odours and visual stimuli affecting the behaviour of tsetse (Vale, 1974a) , all observations were made from a tower (Torr, 1994) . Four types of behaviour were recorded: (1) twitching the skin; (2)¯icking the tail above the back; (3) kicking or stamping the feet; and (4)¯icking the ears. Observations were made for 10-min periods, followed by a 20-min rest for the observers, giving a total of 40 min observation per afternoon.
Experimental design and analysis
All ®eld experiments were carried out during the 2±3 h preceding sunset when tsetse are most active (Hargrove & Brady, 1992) . Only one site was used and different treatments were compared using a randomised block design. For t treatments, groups of t adjacent days were regarded as # 2000 Blackwell Science Ltd, Medical and Veterinary Entomology, 14, 400±409 different blocks and treatments were allocated randomly to days within these blocks.
All experiments were analysed using GLIM4 (Francis et al., 1993) , which ®ts models using a maximum likelihood method. To analyse changes in catch, the catches (n) were transformed to log 10 (n + 1) and then subjected to analysis of variance. To analyse the proportions of tsetse feeding, a binomial model with a logit link was used and the signi®cance of changes in deviance were assessed by c 2 or by an F-test after re-scaling by dividing Pearson's c 2 by the degrees of freedom (Crawley, 1993) . To analyse the rates of host behaviour, the total number of ox movements recorded over the four 10-min daily observation periods were averaged to provide a mean daily rate per 10-min period, which were then subjected to a log 10 transformation prior to analysis of variance. Means are accompanied by their standard errors unless stated otherwise.
Results

Feeding responses of tsetse to mature oxen
Effect of season. In most semi-arid regions of Africa, cattle lose weight during the dry season when there is relatively little grazing, and Vale (1981) has shown that changes in host weight can affect the attractiveness of cattle. We therefore conducted studies to determine whether the seasonal changes in weight affected their attractiveness and/or the rates of feeding by tsetse. Eight oxen were used in these procedures; all were allowed to graze on the veld but only four received 0.5 kg/day of feed supplement (Hy-Pro45, Agrifoods Ltd) during the dry season. Experiments were run for 11±27 days per month between November 1995 and February 1997, except in January 1996 when no experiments were conducted.
On 22 October 1995, before the experiment started, the mean weights of the veld-and supplement-fed cattle were 375 and 368 kg, respectively. During the wet season (November 1995±April 1996 , all the cattle were grazed naturally on the veld and both groups gained weight at 0.20 kg/day (T 0.05). In the dry season (May±November), however, the mean weight of the veld-fed cattle declined by 0.14 kg/day (T 0.03) compared to 0.05 kg/day (T 0.02) for the supplement-fed group (P < 0.001 for difference between regression coef®cients, F-test). By mid-December, this meant that the mean weights of the veld-and supplement-fed groups were 360 and 405 kg, respectively. There was no signi®cant effect of diet on the numbers of tsetse attracted to the cattle (P > 0.1), nor on the percentage that fed (P > 0.1) and there was no signi®cant interaction between month and diet. Given the absence of any signi®cant effect of host diet on the host-orientated responses of tsetse, the data for the eight oxen were pooled for further analysis.
The relative numbers of different species of Diptera attracted to the cattle varied between months (Fig. 1) . Populations of Tabanidae, Stomoxyinae and non-biting Diptera were highest during the wet season and lowest in November at the end of the hot dry season. Indeed, it was only for a 2±3-month period during the hot dry season (September±November) that the numbers of tsetse were equal to or higher than the numbers of Tabanidae and Stomoxys caught by the nets. The catches of Stomoxys comprised: Stomoxys niger niger Macquart, Stomoxys calcitrans Linnaeus and Stomoxys sitiens Rhodani. The latter two species predominated in the dry season, whereas S. n. niger predominated in the wet season (Scho®eld, unpublished data) . The species composition of Tabanidae varied with season and followed the pattern previously described for Rekomitjie (Phelps & Vale, 1975; Phelps & Holloway, 1990) .
The mean feeding rates for male and female G. pallidipes attracted to oxen were 58.3% (n = 981) and 59.7% (2036), respectively, compared to 33.3% (333) and 52.7% (649) for male and female G. m. morsitans. For G. m. morsitans, males fed at consistently and signi®cantly lower rates than females and thus the data for male and females are presented separately. For G. pallidipes there was no such difference between the sexes and so the data were pooled.
The estimates of feeding success followed the method of Vale (1977) , which considers only¯ies caught on the inside of the ring of nets. However, as with previous studies (Baylis, 1996; Torr & Hargrove, 1998) , some fed¯ies were also caught on the outside of the ring. For the 313 days when an ox was in the ring of nets, 233 fed G. pallidipes were caught on the outside of the ring compared to 1788 from the inside. Baylis (1996) suggested that a better estimate of feeding is to include all fed tsetse as part of the inside catch, and using this method, the respective feeding rates were 60.3% (n = 1031) and 63.0% (2219) for male and female G. pallidipes and 37.3% (354) and 57.8% (728) for male and female G. m. morsitans. These estimates are only 2±5% greater than the rates estimated following Vale's method.
The effects of host behaviour and the numbers of biting Diptera on tsetse feeding success were assessed using analysis of deviance. The catch of tsetse from the inside of the ring of nets was set as the binomial denominator and the number of fed tsetse from the inside of the ring was set as the binomial numerator. Parameters ®tted to the model were frequencies of defensive behaviours and the numbers of G. pallidipes, G. m. morsitans, Stomoxys, non-biting Muscidae and Tabanidae. Of these, the frequency of leg movements had a consistent and signi®cant (P < 0.05, F-test) negative effect on feeding success for G. pallidipes and G. m. morsitans (Table 1) . The above analyses were performed on the entire data set of 313 days and for many days the binomial denominator was < 10. Accordingly, to illustrate the trend, the percentage of fed G. pallidipes was plotted against the rates of leg movements for days where more than nine G. pallidipes were caught from the inside of the ring of nets (Fig. 2) .
To examine the causes of the ox defensive responses, each behaviour was subjected to regression analysis. The results (Table 2) show that the numbers of Stomoxys signi®cantly affected all responses. The mean rates of leg movements and feeding success for each of the eight oxen used in the study were examined separately. Although there were no signi®cant differences (P > 0.05, F-test) in the mean numbers of Diptera attracted to the different oxen, there were signi®cant differences in the feeding success of G. pallidipes (P < 0.05, F-test) and the frequency of leg movements (P < 0.001) (Fig. 3) . There was a clear correlation (r = 0.89) between the mean feeding success of tsetse on a particular animal and its mean rate of leg movement (Fig. 3) . Taken together, these results suggest that the probability of tsetse feeding on an ox is a function of the host's propensity for defensive leg movements modulated by the density of biting¯ies. In other words, more biting¯ies elicit more leg movements, but on an oxspeci®c basis, thereby reducing the feeding success of tsetse.
Effect of cattle age. Between April and November 1996, comparisons were made of the feeding responses of tsetse to calves and oxen. The seven calves used in the study were < 6-months-old, had a mean weight of 50 kg (range, 25±95) and, on average, showed signs of trypanosomiasis at 147 days (range 83±231).
Calves attracted signi®cantly fewer G. pallidipes and the proportion of these that obtained blood was lower than on oxen. Trends for G. m. morsitans were similar: 22% (17±29 SE) of females and 13% (8±19) of males fed on calves compared to 43% (38±49) and 28% (23±35), respectively, on oxen but the differences were not signi®cant. There were no signi®cant differences in the numbers of other Diptera attracted to the calves and oxen and no signi®cant differences in the mean rates of defensive behaviour by the cattle.
Repeating the experiment when the calves were 6±12-months-old showed that the feeding rates on calves and oxen were 71% (66±76 SE) and 29% (22±37), respectively (P < 0.05 for difference between means, F-test). The numbers of tsetse attracted to the cattle were very low, especially for the calves. Accordingly, in experiments conducted from April 1997 onwards, the numbers of tsetse were enhanced by baiting the cattle with attractants. This procedure obviously obscured any differences in the odours produced by the different cattle and so henceforth we focus mainly on differences in the feeding behaviour of tsetse. Results from studies of differences in the odours produced by different cattle will be reported in a separate paper (Torr, unpublished data) .
Responses of tsetse to young cattle
Studies were made of the responses of tsetse to the calves as they aged. Four oxen were used as controls in these experiments (tag numbers: 167, 191, 235 and 537) ; Fig. 3 shows the mean feeding rates for each of these animals. The mean catches of G. pallidipes, over 10 replicates were 10.4 and 10.1 for oxen and young cattle, respectively (P > 0.05, F-test) and for Stomoxys the respective mean catches were 45.7 and 47.5 (P > 0.05, F-test). The feeding rate of G. pallidipes was lower on young cattle (36%) than on oxen (77%; P < 0.05 for difference between means, F-test), which is similar to the results obtained in comparisons without the addition of attractants. The catches of G. m. morsitans were too few for analysis. There were clear differences in the behaviour of the cattle, especially in the rate of leg movements. For young cattle, the mean rate of leg movements was 3.5/min (1.55 T 0.16 mean/10 min T SE) compared to 0.08/min (0.25 T 0.12) in the oxen (P < 0.001 for difference between means, F-test).
The success of G. pallidipes feeding on young cattle aged up to 3 years was consistently and signi®cantly (P < 0.05) less than that on oxen (Fig. 4) . For cattle aged 12±24 months, the mean feeding rate for G. pallidipes was 15% (14±16 SE; 31 replicates) compared to 61% (59±62) on oxen and in the study of cattle aged 2±3 years, 31% (27±35 SE, eight replicates) of G. pallidipes fed successfully compared to 68% (64±72) on the oxen. The results for G. m. morsitans showed similar trends. For example, the feeding rates for male and female G. m. morsitans attracted to cattle aged 12±24 months were 17% (10±26 SE) and 15% (11±20), compared to 35% (25±46) and 44% (38±49) on oxen.
In each comparison of young and mature cattle, there were no signi®cant differences in the numbers of Diptera attracted to the various animals but the rate of defensive actions such as leg Table 1 . Regression analyses of feeding success (n). The full regression model is Y = a + b.M + c.P + d.S + e.N + f.T + g.L + h.E + i.K + j.A, where Y = number fed and P, M, S, N and T are the log 10 -transformed catches of G. m. morsitans, G. pallidipes, Stomoxys, non-biting muscoids and Tabanidae, respectively, and L, E, K and A are the log 10 -transformed rate (movements/10 min) of leg, ear, skin and tail movements. The table shows parameter estimates for the minimally adequate model and the respective F-values for the full model. Asterisks indicate that a parameter is signi®cant at the P < 0.05 (*), P < 0.01(**) or P < 0.001 (***) level of probability by F-test; NS = not signi®cant. Regression line ®tted using GLIM with a binomial error and a logit link and with the total inside catch of G. pallidipes speci®ed as the binomial denominator; y = number of fed G. pallidipes; x = log 10 (number of leg movements). Table 2 . Regression analyses of ox defensive actions (n). The full regression model is Y = a + b.M + c.P + d.S + e.N + f.T, where Y = log 10 (n + 1) and M, P, S, N and T are the log 10 -transformed catches of G. m. morsitans, G. pallidipes, Stomoxys, non-biting muscoids and Tabanidae, respectively. The table shows parameter estimates for the minimally adequate model and the respective Fand r 2 values for the full model. Asterisks indicate that a parameter is signi®cant at the P < 0.05 (*), P < 0.01(**) or P < 0.001 (***) level of probability by F-test; NS = not signi®cant. movements were signi®cantly different (Fig. 4) . The rate of leg movements differed in particular, but there were also differences in the other behaviours. For example, in the comparison of 1±2-year-old animals, the mean rates/min of leg movements, skin ripples, tail movements and ear¯icks for the young animals were 2.1, 11.2, 6.2 and 6.1, respectively, compared to 0.15, 2.0, 2.1 and 1.5, respectively, for the oxen.
Ox defensive behaviours (n)
Effect of host sex
Comparisons were made of the feeding responses of tsetse to adult male and female cattle. As with the study of young animals, the numbers of tsetse attracted to the cattle were enhanced by baiting them with tsetse attractants.
The mean numbers of biting Diptera attracted to the female cattle over 52 days were 24.8 G. pallidipes, 3.6 G. m. morsitans and 80.8 Stomoxys. There were no signi®cant differences in the numbers of Diptera attracted to male and female cattle, as was expected given that both sexes were baited with additional attractants, but there was a signi®cant (P < 0.05) difference in the feeding success of G. pallidipes. For oxen, the mean feeding rate was 61% (58.7±62.7 SE) compared to 45% (42.9±48.5) for cows and heifers. The mean rate of leg movements for female cattle was 0.72 movements/min, compared to 0.27 movements/min for oxen (P < 0.01 for difference between means). Similarly, there were signi®cant (P < 0.01) differences in the rates of skin ripples (5.2 vs. 3.2) and tail swipes (4.6 vs. 3.2). These data suggest therefore that the lower rate of feeding success on adult female cattle, compared to oxen, was due to a higher rate of defensive actions by the female hosts.
All defensive actions by female cattle increased (P < 0.05) with the numbers of Stomoxys, but only the frequency of tail swipes was signi®cantly (P < 0.05) correlated with the numbers of G. pallidipes. This matches the results for oxen (above) suggesting that the frequency of defensive movements is more in¯uenced by the numbers of Stomoxys than the numbers of tsetse.
Discussion
Our results indicate that the feeding success of tsetse varied between hosts. Age had a clear and consistent effect on feeding rate, with only~10% of tsetse feeding on year-old calves compared to~50±60% on adults. There were also clear and consistent differences in the feeding responses to different individuals within relatively homogenous groups. For example, within the group of oxen studied here, only~30% of G. pallidipes attracted to ox 214 gained a meal, compared tõ 60% for ox 537. Baylis (1997) found similar signi®cant differences in the feeding success of tsetse attracted to different individual heifers which were physically similar. Studies of Stomoxys (Warnes & Finlayson, 1987; Scho®eld, 1996) and various mosquito species (Edman & Scott, 1987) have also found that conspeci®c hosts of similar age and sex exhibit different levels of defensive behaviour and, consequently, differences in feeding rates.
The variation between groups, and individuals within groups, was correlated with host defensive behaviour and, in particular, an individual's rate of defensive leg movements. Baylis (1996) has previously demonstrated that rates of leg movement are an important determinant of feeding success for G. pallidipes feeding on cattle in Kenya. This relationship is not surprising because most G. pallidipes alight and feed on the legs of cattle (Thomson, 1987; Torr & Hargrove, 1998) and leg movements would therefore have an immediate and direct impact on tsetse feeding on the host, whereas ear¯icks and skin ripples, for example, would not. Vale (1977) obtained results indicating a density-dependent effect of tsetse on the rate of feeding by tsetse. He suggested that the effect was mediated through the host's defensive behaviour and that this phenomenon may have a role in the natural regulation of tsetse populations. Since then, similar studies in Zimbabwe (Torr, 1994; Torr & Hargrove, 1998) and Kenya (Baylis, 1996) have yielded results that are somewhat equivocal. On the one hand, studies in Kenya (Baylis, 1996) and Zimbabwe (Torr, 1994; Torr & Hargrove, 1998) have shown that there are clear and consistent correlations between tsetse density and host behaviour. Moreover, in Kenya, Baylis also found a signi®cant negative correlation between host defensive behaviour and feeding success, whereas Torr & Hargrove (1998) found that feeding success increased with host-defensive behaviour. A statistically signi®cant relationship between tsetse density and feeding success has been particularly elusive. Studies in Zimbabwe were unable to ®nd a signi®cant effect in the feeding responses of tsetse to warthog (Torr, 1994) or cattle (Torr & Hargrove, 1998) , and similarly Baylis (1996) found only a weak relationship for tsetse feeding on cattle in Kenya. Even in Vale's (1977) original studies, the density-dependent effect was only evident in four out of eight experiments. Thus, there is scant evidence for a consistent and clear triangle of signi®cant relationships between¯y density, host behaviour and feeding success.
The present results suggest that the relationship is more complex than that originally proposed by Vale (1977) . It seems that whereas feeding success in tsetse is indeed in¯uenced by host behaviour, the intensity of the host's behaviour is only partly in¯uenced by the density of tsetse. More important to host behaviour are the numbers of other biting Diptera and also inherent individual-speci®c differences in the behaviour of hosts. The frequency of host behaviours was particularly in¯uenced by the numbers of Stomoxys, which is perhaps hardly surprising given their relative abundance. Although we were unable to demonstrate a signi®cant effect of Stomoxys numbers on tsetse feeding success, the present results suggest the possibility of interspeci®c competition in¯uencing feeding behaviour in tsetse. Waage & Davies's (1986) studies of host-mediated competition between species of Tabanidae suggests that competing species should occupy the same feeding site, so that the defensive responses provoked by one species of bitinḡ y will also be directed at the second. There is considerable overlap in the feeding sites of the various species of biting Diptera present at Rekomitjie with G. pallidipes (Torr & Hargrove, 1998; Vale et al., 1999) , many Tabanidae (Phelps & Holloway, 1990) and Stomoxyinae (Scho®eld, 1996) all feeding predominantly on the belly and legs of cattle. Thus, the concentration of species on the legs and belly ®ts with the observed high rates of leg movements and with the idea that defensive behaviours elicited by one species might affect the feeding success of another.
The present studies show that young cattle were not only less tolerant of being bitten but that they also attracted fewer tsetse. These results are in line with previous studies of tsetse and Tabanidae, suggesting that small and/or young animals are relatively poor hosts for biting insects (Vale, 1974a; Foil et al., 1985; Torr, 1994) . Intriguingly, this contrasts somewhat with results from various studies of mosquito±host associations where smaller species are generally poor hosts but within a species, younger animals are less effective at defending themselves than adults (Edman & Scott, 1987) .
Differences in the attractiveness of young and adult hosts are not surprising because the numbers of tsetse attracted to different hosts is related to body mass (Vale, 1974a) , presumably due to differences in the production rates of various kairomones. The age-related differences in host behaviour are similar to those reported for the feeding responses of tsetse to warthog (Torr, 1994) and it is tempting to speculate that young mammals have more highly developed defensive behaviours to protect them from disease and blood loss.
Differences in the probability of a calf or an adult being bitten suggest that the risk of contracting tsetse-borne trypanosomiasis may be less for calves than adults. The adult cattle at Rekomitjie are protected against trypanosomiasis by routine use of prophylactic drugs and thus it was not possible to compare the infection rates in adults and calves. Nonetheless, the present data do provide some evidence that the incidence in calves would be lower than that in adults. If we assume that the prevalence of trypanosome infections in tsetse populations at Rekomitjie was 5% (Woolhouse et al., 1993) and the transmission ef®ciency is 0.29 (Rogers, 1988) then the probability of a tsetse bite resulting in trypanosomiasis is 0.0145. Accordingly, the probability of not being infected is 0.986 and the probability of an animal not being infected after Table 3 . Mean catches of tsetse and other Diptera from an incomplete ring of nets surrounding a calf or an ox, the mean feeding success (%) of tsetse, the frequency of defensive movements (movements/10 min) for the respective hosts and the probabilities (P) that means differ at the P < 0.05 (*), P < 0.01 (**) or P < 0.001 (***) level of probability. Results are based on observations of seven different calves (< 6 months old) and four oxen made over 50 days between April and November 1996. Ox movements rates are the mean number of actions per 10-min period. Due to asymmetry of error, the standard errors shown for feeding success are the largest backtransformed values. Taking the data from Table 3 , then the mean daily catches of Glossina for calves and oxen were 18 and 10, respectively, and the respective feeding rates were about 50% and 10%. If these catches are taken as conservative estimates of the daily numbers of tsetse attracted to cattle then, very roughly, the oxen and calves received 10 bites or one bite a day, respectively. The youngest age at which we found a calf infected with trypanosomes was 83 days. Given that the prepatent period is approximately 2 weeks (Rogers, 1988) , then the respective probability of an ox remaining uninfected for 69 (83±14) days is 0.00006, compared to 0.4 for a calf.
Thus, the differences in attraction and feeding success reported here could translate into clear differences in disease incidence. Moreover, young calves will be close to their mothers and the pair will frequently be within a larger herd of adults. Tsetse attracted to such a herd will be confronted with the choice of feeding on larger and calmer adults or frisky juveniles and it may be that within this system, the already large differences between young and adults translate into even larger differences in disease incidence.
